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Objectives. This study was designed to assess the relation
between rest left ventricular function and exercise capacity in
patients with syndrome X.
Background. Clinical observation has suggested that some
patients with syndrome X have a high rest left ventricular
ejection fraction. In this study we determined the relation
between fell ventricular ejection faction and exercise capacity
and the electrocardiographic (ECG) changes that develop oat
exercise .
Methods. The pattern of left ventricular function, exercise
capacity and 24-h ambulatory ECG monitoring were studied
in 37 patients (9 men, 28 women, mean age 52 ± 7 years)
with syndromi X (angina with normal coronary arteries and a
positive exercise test result) . All patients had normal findings
on echocardiogram and rest ECG . All treatment was dis-
continued for >dg h. Left ventricular ejection fraction was
determined by computerized analysis of the left ventricular angio-
gram. In patients with syndrome X, exercise duration and heart
rate were measured at 1-mm ST segment depression and at peak
exercise .
Results . Left ventricular hypercontractility (ejection fraction
080%) was observed in 12 patients (32%) (group 1), whereas
25 patients (63%) had normal left ventricular contraction (group
Syndrome X describes a group of patients with exertional
chest pain associated with ST segment depression and
angiagraphically normal coronary arteries (1-10) . Several
studies have shown that although some of these patients
have impaired coronary flow reserve (6,11-13) and develop
chest pain and ST segment depression together with
metabolic abnormalities consistent with ischemia during
rapid atrial pacing (14,15), changes in left ventricular func-
tion do not occur (14,16,17) . Other studies using radio-
nuclide techniques have suggested that patients with syn-
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2). The time W 1-mm ST depression on exercise testing was
significantly earlier in group 1 than in group 2 (5.13 ± 1 .03 vs.
10.76 ± 0 .63 min, respectively, p < 0 .001) . The magnitude of
the ST segment depression at peak exercise was significantly
greater In group 1 than in group 2 (2.03 ± 0.2 vs . 1.33 ±
0.05 mm, respectively, p < 0.001). The mean time for ST segment
depression to normalize was significantly greater in group I than
in group 2 (4.76 ± (08 vs. 3.16 ± 0.39 min, respectively, p <
0.05). Linear regression analysis of all patients with syndrome X
showed a significant correlation between exercise duration and
ejection fraction (r
=
0.55, p < 0401). The mean circadian
variation of heart rate and episodes of ST segment depression on
24-h ambulatory ECG monitoring were similar in the two groups
of patients.
Conclusions . These findings indicate that approximately one
third of patients with chest pain, normal coronary angiograms
and a positive exercise test have left ventricular hypercon-
tractility, and this is associated with the development of ST
segment depression at a lower heart rate and work load and a
longer time to normalization of ST segment depression after
exercise .
(J Am Coll Cardiol 1993,22:1607-13)
drome X may develop abnormal left ventricular function
during exercise (18) or after intravenous infusion of dipyr-
idamole (19-21) .
Clinical observation has suggested that some of these
patients with syndrome X have a high rest left ventricular
ejection fraction, and this observation prompted us to exam-
ine rest left ventricular function in a group of patients with
syndrome X and to determine whether it was related to
exercise capacity and the electrocardiographic (ECG)
changes on exercise testing and ST segment on ambulatory
ECG (Holter) monitoring .
Methods
Patients
. The study group comprised 37 patients (9 men
and 28 women, aged 37 to 66 years [mean ± SD] 52 ± 7) with
syndrome X
. Syndrome X was defined as exertional angina,
a positive exercise test (a 1-mln horizontal or downsloping
ST segment depression and angina) and angiographically
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normal epicardial coronary arteries, with no evidence of
coronary spasm (1). Coronary blood flow reserve in re-
sponse to intravenous dipyridamole (0.56 mg/kg body
weight) was measured previously in 11 patients using
positron emission tomography and was found to be impaired
(mean myocardial blood flow after dipyridamole/rest ratio =
2.11 ± 0.4 compared with X3.5 in normal subjects) (22) .
None of the patients had cardiomyopathy, congestive heart
failure, valvular heart disease (including mitral valve pro-
lapse), diabetes mellitus or a history of myocardial infarc-
tion. Four patients had borderline hypertension (systolic
blood pressure 140 to 145 mm Hg, diastolic blood pressure
85 to 90 mm Hg), and the others were normotensive. No
patient had a history suggestive of variant angina, and
epicardial coronary artery spasm was excluded in all
patients on the basis of a negative ergonovine test result .
Rest ECGs and rest echocardiograms showed normal find-
ings. Left ventricular hypertrophy was assessed by two-
dimensional guided M-mode echocardiograms according to
the American Society of Echocardiography recommenda-
tions (23) . Left ventricular hypertrophy was excluded by
using Sender-specific normal limits from the Framingham
study (24) .
To determine the normal left ventricular ejection fraction
in patients without any previous history of chest pain
and with normal exercise tests and normal coronary arteries,
we measured left ventricular global and regional ejection
fraction in a group of 16 patients (8 men and 8 women ;
mean age 47 ± 7 years) who were undergoing cardiac
catheterization and coronary angiography as part of their
assessment for the investigation of supraventricular arrhyth-
mia. The same exclusions applied as in the patients with
syndrome X .
Study protocol. The study protocol was approved by the
Research Ethics Committee of Hammersmith Hospital, and
written info consent was obtained . All patients and
subjects underwent treadmill exercise testing and 24-h am-
bulatory ST segment monitoring during unrestricted daily
activity at least 48 h after discontinuation of antianginal
treatment .
R ventri'cuinr wall motion analysis . All anti-
°nal medication was discontinued at least 48 h before
cardiac catheterization . All patients were fasting and had not
smoked or received nitrates for acute pain for >8 h before
cardiac catheterization, Coronary angiography was per-
formed in multiple views using the Judkins technique . Pre-
medication was not given to any patient . All epicardial
coronary arteries were completely normal .
Rest left ventricular function was analyzed according to
the "regional contribution to ejection fraction method"
(computerized analysis with Pie Medical Analysis System)
(25,26)
. Single-pLane left ventricular angiography was per-
formed in the 30° right anterior oblique projection using 25 to
36 ml of meglumine diatrizoate injected at a rate of 16 to
20 mis
. Left ventricular end-diastolic volume index, end-
systolic volume index and ejection fraction were calculated
by the computer from traced silhouettes of the single-plane
left ventriculogram using non-postpremature beats . Regional
ejection fraction was obtained by using a five-segment area
method. The left ventricular end-diastolic cavity is divided
into 20 half-slices. For each segment, the segmental volume
is computed from the local radius (R) and the height of each
segment (1/10 of the left ventricular long-axis length [L])
according to the formula 1120 irR2L . The regional contribu-
tion to global ejection fraction is determined from the
systolic decrease in volume of the half-slice that corresponds
to a particular wall segment . The systolic volume change is
mainly a consequence of the decrease in radius of the
half slice. The subs of the values of all 20 segments equals
the global ejection fraction .
The extent and magnitude of contractility were deter-
mined by the regional contribution to ejection fraction
method as the mean contribution to ejection fraction per
abnormal segment (%) and was calculated by dividing the
sum of the regional contributions up to the 10th percentile
of normal by the number of abnormal regions (25) . Hyper-
contractility was defined by a left ventricular ejection
fraction
a
10% more than the mean value in the control
subjects. All left ventriculograms were analyzed by two
independent observers and reanalyzed later in a blinded
manner to assess reproducibility of the method . No signifi-
cant difference in the variances between analyses was found
(p = 0 .8). The reproducibility of the measurements was
quantified by calculating the difference of each ejection
fraction measurement from the average of the measurement
of that ejection fraction (intraobserver variability of mea-
surements = 98%) .
Exercise testing. All patients performed a treadmill exer-
cise test according to the modified Bruce protocol I month
after angiography. Twelve-lead ECGs and blood pressure
measurements were recorded before exercise, at the end of
each minute during exercise and at [-min intervals during
recovery . Exercise tests were terminated by progressive
angina, fatigue or when 2-mm ST segment depression had
developed . Three ECG leads were continuously monitored
throughout the test and for 5 min after exercise . The magni-
tude of ST segment depression 60 ms after the J point was
measured in each lead every minute by a computer-assisted
system (CASE Marquette 12) . In all patients, the exercise
time, heart rate and heart rate-systolic blood pressure prod-
uct (rate-pressure product) were measured at I-mm ST
segment depression and at peak exercise .
Ambulatory electrocardiographic monitoring. The 24-h
ambulatory ST segment monitoring (Marquette 8500 two-
channel, amplitude-modulated tape recorders) was per-
formed during discontinuation of medical therapy before
cardiac catheterization. In each subject, two leads corre-
sponding to modified leads V
3
and V 5 were selected . The
effects of postural changes on the ST segments were care-
fully evaluated. Recordings were analyzed with a Marquette
Laser Holter System 8000. The number and duration of
episodes of transient ST segment depression (defined as
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Anterior ('ra)
horizontal or downsloping ST segment depression ~O. I my
from baseline occurring 60 ms after the J point and lasting at
least 60 s) were determined .
Data analysis. Data are expressed as mean value ± SEM .
Parametric data were analyzed using a Student t test for
paired and unpaired observations . Linear regression analysis
was used for correlation between variables. A p value :5 0.05
was considered statistically significant .
Results
Left ventricular function . The mean left ventricular ejec-
tion fraction in the 16 control patients was 72 .8 ± 1 .0%
(range 68 .4% to 77.5%). The mean left ventricular ejection
fraction in the 37 patients with syndrome X was 72 .1 ± 1 .0% .
Twelve patients (group 1) with syndrome X were found to
have a hypercontractile left ventricle (defined as > 10% more
than the mean value in the control subjects) . These patients
had a mean ejection fraction of 83 .7 ± 1 .0%, a value
significantly greater than that in the remaining 25 patients
(group 2) with syndrome X (ejection fraction 66.55 ± 1 .2%)
(Fig . I). Regional wall motion hypercontractility was also
observed in patients in group I in the anterior (regional
ejection fraction 21 .31 1 .22%) and posterior wall (regional
ejection fraction 23.83 1 .11%) (Fig . 1). Left ventricular
end-diastolic volumes were similar in groups I and 2 (73 ± 4
vs. 68 ± 4.2
MI/M2,
respectively) .
At the time of the left ventriculography, heart rate was
77.3 ± 2.2 and 76 .4 ± 2 .4 beats/min in groups I and 2,
respectively; the respective values for systolic blood pres-
sure were 123 .5 ± 3.5 and 118.3 ± 2.3 mm Hg and for
diastolic blood pressure were 76 .5 ± 3.3 and 75 .8 ±
2.0 mm Hg. Thus, there was no difference between the two
groups in terms of heart rate and blood pressure at the time
of left ventriculography . Of the four patients with borderline
hypertension, three were in group 1, and one was in group 2 .
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Figure 1 . Mean regional contribution to global ejection fraction (EF)
from 20 half-slices of the left ventriculogram in patients with
syndrome X (group I with and group 2 without a hypercontractile
left ventricle) . The hatched area represents the 10th and 90th
percentile area of values of regional contribution to global ejection in
normal persons . Global ejection fraction values of the an-,,.erior and
imeroposterior wall areas are displayed on the horizontall axis, and
the segment numbers of the anterior wall (1 to 10) and inferoposte-
rior wall (11 to 20) are depicted on
the vertical axis . Patients in group
I had hypercontractile regions (mean ± SEM) posteriorly and
anteriorly .
Coronary blood flow reserve was measured previously in
I I patients included in the present study and reported
elsewhere (22) . Three of these I I patients were in group 1,
and 8 were in group 2 . Coronary flow reserve was similar in
groups I and 2 (2 .05 ± 0 .6 and 2 .14 ± 0.4, respectively) .
There was no correlation between left ventricular ejection
fraction and coronary flow reserve in these I I patients (r
0. 1, p = NS) .
Exercise testing. By definition, all patients with syndrome
X included in this study developed ati-min ST segment
depression during exercise testing . In 22 (59%) of the 37
patients (7 of 12 patients in group I and 15 of 25 patients in
group 2, p = NS), the exercise test was discontinued
because of progressive angina and in the remaining 15
patients (41%) because of fatigue . In all patients with syn-
drome X, linear regression analyses showed significant cor-
relation between ejection fraction and the time to 1-mm ST
segment depression (r = 0.67, p < 0
.001), ejection fraction
and the duration of exercise (r = 0 .55, p < 0
.001) and
ejection fraction and the time to normalization of ST seg-
ment depression (recovery time) (r = 0.4, p < 0 .05) (Fig . 2)
.
Hemodynamic variables (heart rate, blood pressure and
rate-pressure product at 1-mm ST segment depression and at
peak exercise) in groups 1 and 2 were similar (Table 1) .
1610
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Maximal exercise duration was significantly lower in
group t than in group 2 (9 .15 ± 0.83 vs. 12.53 ± 0.42,
respectively, p < 0 .001) (Fig . 3) . The duration of exercise to
1-mm, ST segment depression was also significantly lower in
group I than in group 2 (5 .13 ± 1 .03 vs. 10 .76 :t 0.63 min,
respeckely, p < 0 .001) (Tables 2 and 3, Fig . 3). The
magnitude of ST segment depression at peak exercise was
significantly higher in group I than in group 2 (2.03 ± 0.2 vs,
1 .33 t 0.05 mm, respectively, p < 0 .001) (Tables 2 and 3,
Fig. 4).
During the recovery period, the pattern of ST segment
changes was different in the two groups of patients with
syndrome X. The mean time for normalization of ST seg-
ment depression was significantly longer in group t than in
group 2 (4.76 ± 0,78 vs. 3.16 ± 0 .39 min, respectively, p <
0.05) (Tables 2 and 3, Fig, 3) .
Ambaktory dechicardlogmplilc monitoring . During a
24-h period, mean hourly heart rates were similar in both
groups of patients with syndrome X . In group I the mean
head rate during the night (midnight to 6:00 AM) was 61 .2 ±
2.2 beats/min, and during the day (6:00 AM to midnight), it
was 75.4 ± 3.1 beatstmin. In group 2 the mean hourly heart
rate during the night was 69 .2 ± 2,6 beatsimin, and during
the day, it was 82.31 ± 15 beats/min (p = NS compared with
group 1).
The frequency of ST segment depression was similar in
both groups of patients with syndrome X (3 .38 ± 0.7 and
2.83 ± 0.6 episodes per patient in groups I and 2, respec-
tively, p = NS). The circadian distribution of the episodes of
2
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ST segment depression was similar in both groups . In group
1 . 34 episodes occurred between 6 :00 Am and midnight and 5
episodes between midnight and 6:00 Am. In group 2, 42
episodes occurred between 6 :00 Am and midnight and 7
between midnight and 6:00 AM (p = NS compared with
group 1),
Discussion
In this study we examined the relation between left
ventricular function at rest and exercise capacity in patients
with syndrome X. Our results indicate that approximately
one third of patients with chest pain, normal coronary
angiograms and a positive exercise test have rest left ven-
tricular hypercontractility . Left ventricular hypercontractil-
ity correlated with the magnitude of the maximal ST segment
changes during exercise testing . The duration of exercise to
1-him ST segment depression and maximal exercise duration
was less in those patients with hypercontractility than in
those without . The heart rate and rate-pressure product at
1-mm ST segment depression were similar in both groups of
patients with syndrome X . A similar proportion of each
group developed chest pain on exercise testing . The mean
time for ST segment depression to normalize was greater in
the group with hypercontractile left ventricles. No differ-
ences in the frequency and duration of episodes of ST
segment depression during 24-h ambulatory ECG monitoring
were observed between the group with left ventricular
0
r=&55
P.C0.001
I
I I
. __W	I
8 10 12 14 16 18
Exerd" duration (min)
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Figure 2. Scatter plot and linear re-
gression analyses between left ven-
tricular ejection fraction and the
time to 1-mm ST segment depres-
sion (A), duration of exercise (B) and
time to norinalizatioti of ST segment
depression (recovery time) (C) in all
patients with syndrome X . The cor-
relation between the variables was
statistically significant .
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Figure 3 . Magnitude of the time to 1-mm ST segment depression,
exercise duration and recovery time in the patients with syndrome X
with a hypercontractile left ventricle (group 1, solid bars) and in
those without a hypercontractile ventricle (group 2, hatched bars) .
There was a significant difference in these variables between the
groups I and 2 .
hypercontractility and the group with a normal ejection
fraction .
Our report is simply observational . We report the fre-
quency of left ventricular hypercontractility in a group
of 37 patients with syndrome X . The study does not explain
why some patients with syndrome X have hypercontractil-
ity, nor does it provide any information on the mechanism
whereby hypercontractility is associated with earlier ST
segment depression on exercise . A high level of anxiety has
been reported in some patients with syndrome X, and it is
possible that the hypercontractility may have been due to
this .
The presence of hyperkinesia and increased cardiac out-
put at rest has been described in early borderline hyperten-
sion (27) and in normotensive subjects with the hyperkinetic
heart syndrome (28) . In our study group, four patients had
borderline hypertension, and three of these had a hypercon-
tractile left ventricle . In patients with hypertension there
may exist a primary increase in cardiac output that later
triggers an autoreguiatory increase in peripheral vascular
resistance . This increased resistance acts to restrict cardiac
output and, subsequently, a new balance is established with
a normal cardiac output and elevated peripheral resistance
(29) . It is possible that the augmented sympathetic drive to
the heart and peripheral vascular bed is responsible for the
Table 2. Exercise Tolerance and ST Segment Depression in
Patients
With Syndrome X With (Group 1) and Without (Group 2)
Left Ventricular Hypercontractility
TOUSOULIS ET AL . 1611
'p < 0.001 . tp < 0.05 . Values presented are mean value ± SEM
.
The to
1-mm ST
Depression
(min)
Exercise
Duration
(min)
ST
Depression
at Peak
Exercise
(mm)
Recovery
Time (1641)
Group 1 5 .13 1 .03'
9 .15 ± 0.83* 2.03 ± 0.20 4 .76 ± 0,78t
Group 2 1174 0.43 103 ± 0.42
1 .33 ± 0 .05 3 .16 ± 0 .39
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Clinical and Exercise Test Data in 12 Patients With Syndrome X and a Hypercontractile Left Ventricle (Group 1)
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elevation of both cardiac output and vascular resistance ii
this group of patients .
Cannon et al . (18) reported that patients with chest pain
and normal epicardial coronary arteries who were shown to
have an abnormal coronary vasodilator reserve had either an
abnormal ejection fraction response to exercise or regional
wall motion abnormalities during exercise or both . These
investigators showed that patients with an abnormal vasodi-
lator reserve also had impaired left ventricular diastolic
filling at rest. Other studies (17,3041) in well selected
patients showed normal (17) or even hyperdynamic left
ventricular contractility despite chest pain, ST segment
depression and, sometimes, lactate production . Opherk et
al, (32) reported no change in left ventricular function at rest
and during exercise over a 4-year follow-up period in pa-
tients with syndrome X who did not develop conduction
abnormalities, Camici et al, (31) reported that be pattern of
myocardial substrate utilization in patients with syndrome X
Rpm 4. Scatter plot of the magnitude of ST segment depression
at peak exercise in the patients with syndrome X with hypercon-
tractile left ventricles (group 1, WM circkq) and in those without
hypercontractile ventricles (group 2, open drcles) and ejection
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was opposite to that observed during myocardial ischemia in
patients with coronary artery disease and appears to be
associated with an increased mechanical efficiency of ven-
tricular pump function .
Conclusions. Approximately one third of patients with
chest pain, normal coronary angiographic findings and a
positive exercise test result have left ventricular hypercon-
tractility at rot, and this is associated with the developpineat
of ST segment depression at a lower heart rate and work lead
on exercise and a more prolonged time to normalization of
ST segment depression after exercise .
Iteferellices
I . Cannon RO, Leon MB, Watson RM
. Rosing DR . Epstein SE . Chest pain
and "normal" coronary arteries-role of small coronary arteries . Am J
Cardiol 11985 :55 :50B-6013.
2. Kaski JC, Crea F. Nihoyannopoulos P . Hackett D. Maseri
A. Transient
myocardial ischemia during daily life in patients with syndrome X. Am J
Cardiol 1986 ;,18 .-1242-7 .
I Cannon RO Ill . Epstein SE. "Microvascular angina" as a cause
of chest
pain with angiographically
normal coronary arteries . Am J Cardiol
1988,61 :1338-43.
4 . Berland J, Cribier A, Cazor JL, Letac B . Angina pectoris with angio-
graphically normal coronary arteries : a clinical, hemodynamic
and meta-
bolic study. Olin Cardiol 1984 .7 :485-92 .
5 . Opherk D, Zebe H
. Weihe E . et al. Reduced coronary dilatory capacity
and ultrastructural changes of the myocardium in patients
with angina
pectoris but normal coronary arteriograms
. Circulation 1981 ;63:817-25 .
6
. Cannon RO 111, Watson RM, Rosing DR, Epstein SE . Angina caused
by
reduced vasodilator reserve of the small coronary arteries . J Am Coll
Cardiol 1983,1359-73 .
7 . Epstein SE, Cannon R®111
. Site of increased resistance to coronary flow
in patients with angina pectoris and normal epicardial coronary arteries.
J Am Coll Cardiol 1986;8 :459-61
.
8 . Kaski JC, Tousoulis D, Galassi AR, et al
. Epicardial coronary artery tone
and reactivity in patients with normal coronary arteriograms and reduced
coronary flow reserve (syndrome X)
. J Am Coll Cardiel 1991 ;18 :50-4 .
Pt
No.
Age (yr)/
Gender
Rest
Ejection
Fraction
(%)
Exercise
Duration
(min)
Time to
I-mm ST
Depression
(min)
ST
Depression at
Peak Exercise
(mm)
Recovery
Time
(min)
Peak Heart
Rate
(beats/min)
I 44/F
81 .3 9.0
6 .0 -1 .5 5.0 122
2
67/M 80 .2
12.0 10.0 -1.8 1 .0 144
3 52IF 85.0
6 .1
3
.4
-1 .3 8 .0 140
4
59/F 85.0 12 .4
0.1 -3.3 10 .0 178
5
57/F 82.0 12 .5
8 .5 -2.0 3 .0 146
6 WF 80.1
6.1 3 .5 -13
5 .0 142
7 6UM
90,7 10 .4
015 -3.0 8.3 130
8
57/M 8110 10 .0
6 .0 -is 4 .0 140
9 45T 84 .0
7 .8 7 .0 -2 .5 1 .8 114
10
37/F
$9 .2
5 .0 510 -1 .1 33
05
I I 5VF
81 .0 12 .5
1203 -1 .4 U 158
12 OF 85 .2
6 .0 3 .5 -1 .6 33 138
M940 53,92 $3 .7
9.15 I, ,13 -2,03 4 .76 1412
Mm t2.6O
t1 .0 11,60 1 .0.
,
±010 ±0A til .8
JACC Vol. 22, No . 6
	
TOUSOULtS ET AL
.
November 15, 1993:1607713
SYNDROME X AND LEFT VENTRICULAR HYPERCONTRACTILITY
9. Maser! A, Crea F, Kaski JC, Crake T . Mechanisms of angina pectoris in
syndrome X . J Am Coll Cardiol 1991 ;17 :499-506.
10 . Hutchison SJ, Poole-Wilson PA, Henderson AH . Angina with normal
coronary arteries : a review . Q J Med 1988 ;72:677-88 .
11 . Cannon H2O Ill, Schenke WH, Leon MB . Rosing DR . Urquart J . Epstein
SF, Limited coronary flow reserve after dipyridamole in patients with
ern,onovine-induced coronary vasoconstriction . Circulation 1987 -,75 :163-
74 .
12. Legrand V, Hodgson JM, Bates ER, et al . Abnormal coronary flow
reserve and abnormal radionuclide exercise test results in patients with
normal coronary angiograms . J Am Coll Cardiol 1985 ;6 :1245-53 .
13. Berger BC, Abramowitz R, Park CH, et al . Abno :-mal thallium-201 scans
in patients with chest pain and angiographically normal coronary arteries
.
Am J Cardiol 1983 -,52 :365-70.
14. Arbogast R, Bourassa MG . Myocardial function during atria[ pacing in
patients with angina pectoris and normal coronary arteriograms : compar-
ison with patients having significant coronary artery disease . Am J
Cardiol 1973 ;32
:257-63
.
0. Boudoulas H, Cobb TC, Leighton RF, Wilt CM . Myocardial lactate
production in patients with angina-like chest pain and angiographically
normal coronary arteries and left ventricle . Am .1 Cardioi 1974 :34 :501-5 .
16 . Kemp HG, Left ventricular function in patients with anginal syndrome
and normal coronary arteriograms
. Am J Cardiol 1973 ;32 :375-6.
17 . Nihoyannopoulos 1 1 . Kaski JC, Crake 'l', Maser! A . Absence of myocar-
dial dysfunction during stress in patients with syndrome X . I Am Coll
Cardiol 1991
;18:1463-70 .
18 . Cannon RO, Bonow RO, Bacharach SL, et al . Left ventricular dysfunc-
tion in patients with angina pectoris, normal epicardial coronary arteries,
and abnormal vasodilator reserve . Circulation 1985 ;71 :218-26.
19
. Korhola 0, Valle M, Frick MH, Wiljasalo M, Riihimaki E. Regional
myocardial perfusion abnormalities on xenon-133 imaging in patients with
angina pectoris and normal coronary arteries . Am J Cardiol 1977 ;39 :
355-9 .
20 . Meller J, Goldsmith SJI . Rudin A, et al . Spectrum of thallium-201
myocardial perfusion imaging in patients with chest pain and normal
coronary angiogram
. Am J Cardiol 1979 :43 :717-23 .
1 61 3
21 . Gibbons RJ, Lee KL, Cobb FR, Jones RH
. Ejection fraction response to
exercise in patients with chest pain and normal coronary arteriograms
.
Circulation 1981 ;64:952-7 .
22. Galassi AR
. Araujo LI, Crea F, et al
. Myocardial blood flow is altered at
rest and after dipyridamole in patients with syndrome X [abstract]
. J Am
Coll Cardiol 1991 ;17 Suppl A :227A,
23 . Sahn DJ, DeMaria A, Kisslo J, Weyman A
. Recommendations regarding
quantitation in M-mode echocardiography
: results of a survey of echocar-
diographic measurements. Circulation 1978
;38 :1072-83.
24
. Levi D, Savage DD, Garrison RJ, Anderson KM, Kannel WB, Casteili
WP
. Echocardiographic criteria for left ventricular hypertrophy : the
Framingham Heart Study . Am J Cardiol 1987 ;59 :956-60 .
25
. Serruys PW, Simoons ML, Suryapranata H
. et al. Preservation of global
and regional left ventricular function after early thrombolysis in acute
myocardial infarction . J Am Coll Cardiol 1
1)86 ;7 :729-42 .
26
. De Feyter PJ, Suryapranata H, Serruys PW, et al . Effect of successful
percutaneous transluminal coronary angioplasty on global and left
ventricular function in unstable angina pectoris . Am J Cardiol 1987 ;60
:
993-7,
27 . Julius S . Conway J
. Hemodynamic studies in patients with borderline
blood pressure elevation . Circulation 1%8
;38 :282-8 .
28 . lbFahim MM, Tarazi CR, Dustan 11, Bravo E, Gifford R . Hyperkinetic
heart in severe hypertension : a separate clinical hemodynamic entity . Am
I Cardiol 1975 ;35 :667-74,
29 . Julius S, Fsler M . Autonomic nerve - oq
cirdiovaset-lar regulation in
borderline hypertension . Am J Cardioi 19'15 ;36:685-% .
30 . Losse B, Kuhn 11, Rafflenbeal D, et al . Thallium-20l myocardial scintig-
raphy in patients with normal coronary arteries and normal left ventricu-
logram-comparison with hemodynamic, metabolic and morphologic
findings . Z Kardiol 1980 ;69 :523-30 .
31 . Camici P, Marracini P, Lorenzoti R, et al. Coronary hemodynamics and
myocardial metabolism in patients with syndrome X : response to pacing
stress . J Am Coll Cardiol 1991 ;17 :1461-70
.
32 . Opherk D, Schuler G, Wetteraner K, Manthey J, Sch'sarz F, Kubler W .
Four-year follow-up study in patients with angina pectoris and normal
coronary arteriograms. Circulation 19890 :1610-6 .
